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Development of carbon nanofibers for biomedical uses
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Cone-stacked carbon nanofibers were simply cut and well dispersed in water using
sonication in a mixture of concentrated H,SO4 and HNO; in order to use them as the biomaterials.
The “cut” cone-stacked carbon nanofibers were characterized by SEM, TEM, XRD, and FT-IR
measurements. Carbon nanofibers were easily cut into 400-nanometer to 1.5-micrometer lengths.

The resulting cut nanofibers formed a stable solution in water without the help of surfactants.
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Figure 1. SEM photograph (a), TEM photographs (b and ¢) of the low magnification and high
magnification of the purified cone-stacked carbon nanofibers. Inset shows the lattice image of

the cone-graphite layers. EDX spectrum (d) of the purified cone-stacked carbon nanofibers.
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Figure 2. SEM photographs of the cut cone-stacked carbon nanofibers after 2 hrs (a), 4 hrs (b),

and 6 hrs (¢) of sonication in a mixture of concentrated H,SO, (95%) and HNO; (60%).
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Figure 3. XRD patterns of the CNFs.
From bottom, the as—grown CNFs, the
purified CNFs, and the sonicated CNFs
for 2 hrs, 4 hrs, and 6 hrs. |
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Figure 5, FTIR spectra of the CNFs.
From bottom, the as-grown CNFs, the
purified CNFs, and the sonicated CNFs
for 2 hrs, 4 hrs, and 6 hrs.
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Synthesis and Medical Applications of Oxide Magnetic Nanoparticles
(OTakashi ATSUMI, Balachandran JEYADEVAN, Kazuyuki TOHJI
TOHOKU University, Graduate School of Environmental Studies, Sendai, Miyagi, Japan

It is considered that magnetic nanoparticles, such as magnetite could be used for biomedical
applications. Actually, magnetite particles are being used as a contrast medium in magnetic
resonance imaging, in the hyperthermia treatment of cancer and in drug delivery. Magnetite beads
are used for the purification of DNA or virus. The size and size distribution of magnetic
nanoparticles are very important factors for the biomedical applications. We have synthesized
Fe;0, particles, with the average size of 10 and 40nm, by using the coprecipitation process. To
synthesize particles lager than 40nm oxidation method is considered. Using the oxidation method,
we have successfully synthesized CoFe,O, particles with a good control over particle size in the
range of 15 to 110 nm. This expertise will be used to prepare magnetite particles with average sizes
lager than 40 nm. The application of 40 nm magnetite particles for the development of a new type

of sentinel lymph node detection technique is*also reported.

1553 :

BiETF R FIL. Fe® Co B EDEEHAEDEE. FeCo ® FePt 72 ED & €. Fe;0,(LLKE,
T XA b EEB)P CoFe,QLABE, ONN 7251 FEREE)ZEDEELY. &I
SEIh, TEGAELTREKEREAZIICHD. R MF—2Fy U7, BERELE
ERAZNTVDS, BIIRKIEREGFOREELCOEROLDIZ, BtE;  BFOFEH,
WFE. MEARNKEZBRMBESZSTED, ZNSZ2HEITIHENBRAICITDON
TWhd,

—F. BT R TRERICADEEBHENTETWS, BiEF / HFEEHRSH
THAWDETOXRERFNEE, 1) LBERENE, 2) AS»OFEITE, 3) &
HAENKEN, 4) RAMIIPEERETES, 5) MhSWeDHBEAADRADS, &N
EZAOND, BT JHTFORTRHRICTT RS 1 MI, EREEHEHEEEDONTSED,
MRI OEZAE L TORARLSHENTWS, £/, BiEF /T 2EEMRLICEA
L. AEHhSORHRHBICL DK FORBICL OB ZIER T E S Hyperthermia(L &,
MFH &R 280 V2, Bt /R FREICHERZ &2 R S T ENRMICK F2E8 L0
BEAEHHETERS y Z7FUN) = DNAR YA N A2 BREINTIEHE—X 99
BRERABEFISAPENOBLIEEHRL TWAS,



2EELEEM

BE. MFH I B 2 BEMABRAOS O R EPHFORAMEOME, RS v 75
N =BT BT/ RTFAOEROTE, ENRIAOHEE, EHHHTEORL,
ERE—ZXDOAT)—Z o VEEREOMEAEENTNS, ThThOERIZH LT,
Bt T M TFOREREN. TR, HEKTOFSREREETIEELSNDM, &
NETEMSHOLDITHEL HTE, MESHREORNET> TRIBEIILIEL,
ESBAICHE L TS, R FEREBTORTR, KEM BN SLERTR TS
V. BaREH. MTFE. MESTORES  HTF2ERTBENEETH S,

AL TIE. ERSAICAND D, BaREM, BTEOMEF /BT 2ERT S
EZEHAEL., HFLEICXOI R PRF. BlEBICEDINN T 251 bRIF2
BRLE. AFETROERLEEERT AL L kDT /21 FORTE. BEN
bHHTETSH S EEAD. Tz, LRBEMET VMFOERERRNOZDRY -l %
AWTINVMRTFEGRLE. RUST—NEANB I &Itk D, SREOMTRILED
ST EMUETH S,

Fie, EBOEFSHELTI XYM MITEROWAEELFRIL OAERBIEOR
HEFok. EFRINUDNENR. BRASBICEBARIZEINZY DASD T
ETHD, FMITBNT, MEETTHRLEBRESND Y DB DWW THIHTS T
EMEETH D, BERBHKE T4V h—7H. CHAS 2 D0OM-MENELFRIY >
NEOREEELTASNTVS, LML, BRECSVTIREGHEOBTOH MM
LS., BEERIZRHOEEABRRMBETSS. 714U h—THEICBWTH. HES
REZZLOHETULMAAVSIENTERN, ZCTHNAKREZLEL T, HoORER
LB ANEBMNRHIEEFTASELFRINY OABRUENIENTNS, =2 Tt
FIRFERWEL S FRNVY DNEHREFEEL T, K7 1000m DT Y2541 M % A
WEERBEINTNS %, |

T2 BER Y ONEHBITHT RS MRIFRICOVWTORMETS . EHE T,
FIFRA0nm DI T 271 FERWT. D NEANOBITHIZDOW TR L =,

3.EBRFIE
3.1 k%

Fe' & Fe OKIBEHRH TO NaOH T A URKIC L DR TFE AR T2 HETH D, Fe?
L Fe*OEBE NaOH TV A VI —KICHRMT 3 Z LIk DEER,. BREZ R
BILTRY35 1 MRTEEHT 5. FPBEE<THILICED. NaOH 7V H U itk
CRGEERMLEBREETIUHOBOEERI ST, R FePI0do < DL
BEZEICLVERESETHRTRERELTEIENTESDLEZ NS, |

AWK TIX. Fe' FDENREBLIVD L LVRFROSBERI LI,

— 100 —



FeCl; * 4H,0 % 2MHCI, FeCl; * 6H,0 ZEBEKICTHEML OBz 2 e BE L. 8BS
# & [0 SMNaOH KYE#RZ 500rpm CHRERL ., BAKE—SKIZHEMU =, 20 iRk
ML DBEBKICTRTHRBETO 2,

3.2 B bk

RITRTA MRIFREEHETZ72DIT1E. Fe* IS F' OBELEEZHET 2 HI N
HBD, TIT, XITRFZA b ERRICEIEDEET /T THEBIIAINN I T 51 MRF
BRIZDNTRE L2, BMFE T, Fe¥* & Co" KB LMTRIEENT L Fe 5 Fe¥A®
BAbZRATAHEER N, Fe¥'s CoPiIckD, ANV 7251 FOEER. BRE
MEI D, F"OUHEME, BIEEEEZHETIILICLVHETREEREBTELILER
5N5,

FHE T, Fe/Fe ENHEEL S EB I LI DR TEORBEZRITL /=, FeSO, *
TH,0. Fex(S0.); * nH,0 & CoS0, * 6H,0 AW TEIVH Fe/Co=2 IZFHB L /=, B{LAITH
% KNO; LB L ¥ 5% NaOH KIFHHICIERE LTz, ERICHHE L DB 500rpm 12T
150 3 EHHR L 2 ™9,

33RVFA—=NToER

RIA—=NORTAZFATHIEICED, REMBENS GBI 28Tl THEE
B BEREZEIT, BEBIUEENEL. HEmaNV b F 2 BESMEVLREICEDR
ETHHOUMED L TR TFENBAT S, .

AR T, MENINIV AT BECEZ2HTFEORN,. ExEELZREDLEE
ZAO6NBEHEOHEMICELA2HMFEOBAZIT o>/, 1,3-7 08 24— I (TMEG)IZ
Co( 1l )Acetate Tetrahydrate., NaOH ZEfE L7z, 200CIZT 30 S REIMABR T &ick b
INN MR FOERET .

4 FEHEE R
4.1 bk

Figl IZEMRLIETI XY A bD SEM EFERT. Fe''/Fe” ENLE LI B TH T2
ER LTz, Fe/Fe¥ =05 12 B TIZK F48 5-20nm. Fe®'/Fe’'=2 TIXKI T 20-50nm O~
YA RERRLZ. F"EEMMESBDILICIDRETIHOENRAI L. EREL
&0 Fe" M d Fe" ~DEALNO 2 < DRI > FENEML-EZZ 505, L
ML, EHETHELZED FPOBIIEREMN S -0, HEMNRKNTFEREAEREEIERD
ZIRNEEZEZOND. A0nm UL EORTEERT DI FD S F O LdEE2 L X
H5LENH 2.

— 101 —



4.2 ik
Fig2 &M LI/ R 754 D SEM BHZERY, Fe'/F T L EZ{LIET

W FEEGR LI, Fe¥/Fe? =0 D& Fe¥'=0 ® & FH T 100-110nm, Fe’'/Fe’* =0.15 D
& & 60-90nm. 0.20. 0.25, 0.35. 0.5 ® & &, FHNE I 60-90nm. 60-70nm. 30-40nm. 15-20nm
DRFMER S N,

Fe DHMIRMBAY O Fig 2 DRIL, BETHEOKNDBNED DIzhITFENPERL
7. FerOMEMERrELTIEICLD. BRETOHOEMNEINT 572D Fig2)yM 5
Fig2ND LI KR FEVRBILEEFEALN D,

BbiElr 0T 254 FORFEEFBT 22, a7 254 b ERERIC

Ffmhfwm Es{tFl o miE, NaOH & Fﬁ&@&dﬂb%f%é

o

Fig.1 The SEM rmcrographs of Fe,0, partlcles synthemzed by coprempltatxon process.
(a)Fe*'/Fe*"=0.5, (b) Fe’"/Fe’'=

Fig.2 The SEM rmcrograph of C0F€204 particles synthe31zed under ferric ion concentration.

The Fe**/Fe?* ratios are (a) 0, (b) 0.15, (¢) 0.20, (d)0.25, (e)0.35, (£)0.5
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Flg.3 The SEM micrograph of Co particles synthesized under cobalt ion concentration and

platinum. (a) Co 0.0025mol (b) Co 0.025mol (c) Co 0.0125mol (d) Co 0.0025mol Pt 0.0125g
(e) Co 0.0025mol Pt 0.05g
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Fig.4 Photograph of (a) Cecum, (b) and (c) Lymph node, 30 min. passed after magnetite injection.
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Carbohydrate Coating of Carbon Nanotubes
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We have demonstrated that multi-walled carbon nanotubes {(MWCNTs) coated with a
carbohydrate-carrying polymer for use as biological recognition signaling molecule can be easily
prepared by a non-covalent method via hydrophobic interactions. Fluorescence observation by
confocal laser scanning microscopy showed that the carbohydrate-carrying polymer was uniformly
and densely localized along needle shape of the MWCNT. To evaluate biological recognition
affinity, interactions of the MWCNT with lectins were examined by binding tests. The resultant
MWCNT was found to acquire a selective binding affinity to the corresponding lectin without a
nonspecific interaction. On the other hand, a bare MWCNT nonspecifically interacted with lectins.
These results showed that a MWCNT coated with a carbohydrate-carrying polymer has biological
recognition signals. Modification of a CNT with various carbohydrate chains will be a useful

protocol for molecular designs of biomaterials, nanoarchitecture, and biosensors.
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Fig. 1. SEM images of purified MWCNTs. a: NanoLab (n-MWCNT), b: MTR Co., Ltd.
{m-MWCNT).
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CH nMWCNT B kDR STic i » T4 Fig 3. CLSM images of MWCNTs (upper:
oo e ik sERn UL T T

fZ&hio, MTR R m-MWCNT Z obtained in a transmitted light channel and the right
¢ LTHAWEEE (Figde, d) Tid. & column (b, d) shows images obtained in an FITC

BHE O R TIE m-MWCNT DR channel.
2 (Fig.lb 3R, THF 2 —TEEN

300nm) B LUFTHLOEEKRL LTRECRARES N, BRFIZET 5 EKEETH,
m-MWCNT OSHETEEIC I » TEICEENRE SN, ZRHOFE LY. MWCNT & A
THESEEESF PVLA ¥ BES30HXTHES I MWCONT REEHIERS L, -
MWCNT OEEOEHRIFIRELTWD I ERALME Lol OConnell b NI ZiE
MWCNT & B U AF LV AN KR BRBANRBEFRICE VRET I EBREEINT

Fig. 4. CLSM images of a m-MWCNT coated with FITC-PVLA afier incubation with Rhod-RCA . a:
‘Transmitted light channel, b: FITC channel, ¢ Rhodamine channel.
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Fig. 5. CLSM images of a m-MWCNT coated with FITC-PVLA after incubation with
Rhod-ConA. a: Transmitted light channel, b: FITC channel, ¢: Rhodamine channel.

FITC-PVLA TEHi L7 m-MWCNT (Z%H3
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Fig. 6. CLSM images of a bare m-MWCNT afier

incubation  with Rhod-RCA,5, {upper) and

Rhod-ConA (lower). (a, ¢) Transmitted light channel.
{b, d} Rhodamine channel.
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Fig. 7. Illustrations of (a) adsorption of PVLA onto the surface of a MWCNT, (b) specific
interaction between a MWOCNT coated with PVLA and lectins, and (¢) non-specific interaction

between a MWCNT and lectins.
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Effect of Impurities on Mechanical Properties of SWNT Solids
Prepared by Spark Plasma Sintering

O Go YAMAMOTO', Makoto OHTSUBG?, Yoshinori SATO?, Toru TAKAHASHTI',

Mamoru OHMORP’, Kazuyuki TOHII?, Toshiyuki HASHIDA'

1) Fracture Research Institute, Tohoku University, Sendai 980-8579, Japan
2) Graduate School of Environmental Studies, Tohoku University, Sendai 980-8579, Japan
3) Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

In this paper, a spark plasma sintering (SPS) method was employed to solidify single-walled carbon
nanotubes (SWNTSs) only, and the effect of impurities on the mechanical properties of the SWNT solids was
examined using a small punch (SP) testing method. The SWNTs were prepared by an arc discharge method,
and then purified using oxidation and chemical processes. The compaction pressure and the temperature
used in the SPS method were 120MPa, and 10007, respectively. It was shown that the SWNT solids
produced from the purified SWNTs gave higher fracture strength compared to the one prepared from the
raw-soot (nearly 33MPa), with the maximum strength value being 47MPa. On the other hand, the Young’
modulus was insensitive to the purification process. SEM, XRD and Raman spectroscopy observations
indicated that the raw-soot included larger amount of the impurities such as metal particles and amorphous
carbon than that for the purified SWNTs. Thus, the purification and removal of the impurities are expected
to be effective for improving the fracture strength property of SWNT solids.
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Table 1. Processing conditions of SWNT solids prepared by SPS method and purification types.

Sintering Sintering Pulse Duration  Purification
Sample type temperature (°C) pressure (MPa) duration:interval (ms) time (min) types
As-prepared SWNT 1000 120 12:2 5 -
Purified SWNT (1) 1000 120 12:2 5 1
Purified SWNT (2} {000 120 12:2 5 2
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